Introduction
============

Obsessive-compulsive disorder (OCD) is a chronic, severe, and often disabling disorder featuring either obsession or compulsive rituals, or most commonly, both.[@b1-dddt-9-2101] This disorder has a lifetime prevalence of 2%--3% in the general population,[@b2-dddt-9-2101] which usually arises in late adolescence or early adulthood, though the onset in childhood or late adulthood could also happen; the clinical presentation of OCD in children and adults is similar.[@b1-dddt-9-2101],[@b3-dddt-9-2101]

Exposure and response prevention (ERP) is currently considered the gold standard psychological intervention for OCD. ERP works by facilitating fear extinction by exposing OCD patients to systematic and prolonged anxiety-provoking stimuli and at the same time preventing fear-reducing physical or mental actions, such as rituals or avoidance.[@b4-dddt-9-2101] Although ERP therapy has proven to be efficacious for treating OCD, it does not help all OCD patients, even those who benefit from the therapy, as they often still remain symptomatic after completing the ERP treatment.[@b5-dddt-9-2101] Alternative treatments, such as serotonergic medications, only have modest efficacy and usually have adverse side effects.[@b6-dddt-9-2101],[@b7-dddt-9-2101] To improve the efficacy of ERP therapy, various augmentation strategies have been proposed and tested; however, issues such as drug side effects and limited access to ERP practitioners prevent the successful implementation of these strategies.[@b8-dddt-9-2101] Evidence in recent years suggests that the *N*-methyl-D-aspartate (NMDA) system plays a critical role in the neural process underlying learned associations and fear extinction[@b9-dddt-9-2101] and that the antituberculosis medicine D-cycloserine (DCS), a partial NMDA agonist, enhances extinction of learned fear.[@b10-dddt-9-2101],[@b11-dddt-9-2101] Studies further reported that DCS has improved exposure therapy outcomes in adult studies of acrophobia,[@b12-dddt-9-2101] social phobia,[@b13-dddt-9-2101],[@b14-dddt-9-2101] and panic disorder.[@b15-dddt-9-2101]

However, trials on DCS-augmented ERP in OCD subjects produced somewhat mixed and inconsistent results. Wilhelm et al reported a significant reduction of OCD severity rate (*d*=1.17) by midtreatment (session 5) for the DCS group versus the placebo group; however, such significant difference was not present at posttreatment (right after session 10) nor 1-month follow-up.[@b16-dddt-9-2101] Wilhelm et al found further significant improvement in depressive symptoms in the DCS group versus the placebo group at posttreatment, but not at midtreatment nor at 1-month follow-up.[@b16-dddt-9-2101]

Kushner et al reported a significantly greater decrease in obsession-related distress with patients in the DCS group, compared with the placebo group after four sessions, although the placebo group did catch up in the later sessions, and he concluded that DCS decreases the number of exposure sessions required to reach clinical milestones.[@b17-dddt-9-2101] Farrell et al further reported that when compared to ERP + placebo, DCS-augmented ERP led to significantly greater improvement in OCD severity from posttreatment to 1-month follow-up in patients with difficult-to-treat OCD.[@b18-dddt-9-2101]

On the other hand, two studies by Storch et al[@b8-dddt-9-2101],[@b19-dddt-9-2101] and one study by Mataix-Cols et al[@b20-dddt-9-2101] found no significant beneficial effect of DCS administration over placebo, although one of the studies by Storch et al reported that compared with the placebo control, DCS augmentation led to small to moderate treatment effects on various primary outcomes at posttreatment.[@b19-dddt-9-2101]

Although there have been two meta-analysis articles including studies on DCS-augmented ERP on OCD patients,[@b10-dddt-9-2101],[@b21-dddt-9-2101] both articles included trials on subjects with acrophobia, social anxiety disorder, panic disorder, or OCD without subpopulation analyses. Further, neither article addresses the effect of DCS at a different time point of the ERP therapy, ie, midtreatment, posttreatment, and follow-up. The main aim of the current study was to perform meta-analyses of all available studies comparing the effects of DCS-augmented ERP therapy and placebo-augmented therapy on OCD subjects to determine whether the DCS does enhance ERP therapy in OCD subjects compared to a placebo at a different time point of the ERP therapy. This could help researchers to choose the future directions of the studies on this topic.

Methods
=======

Search strategy
---------------

The PubMed/MedLine and Web of Science databases (Web of Knowledge) were searched up to December 31, 2013 to identify all published studies relating to the effect of DCS-augmented ERP therapy on OCD patients compared to placebo-augmented ERP therapy. The following search terms were used: "obsessive compulsive", "OCD", "D-cycloserine", "seromycin", and "DCS".

Inclusion and exclusion criteria
--------------------------------

Published studies (criterion 1) reporting the effect of DCS-augmented ERP therapy on OCD patients compared to placebo-augmented ERP therapy (criterion 2) on all ethnic groups were all potentially eligible for inclusion in the current meta-analyses. Reviews, meeting abstracts, and case-only studies were excluded.

Two authors (JX and YD) independently selected studies potentially eligible for the current meta-analyses by reviewing the titles and abstracts identified through the search, followed by examining independently the full text of all of the studies considered potentially eligible. Any disagreement regarding whether a study should be included was resolved by discussion that was participated in by all contributing authors until a consensus was reached by all.

Outcome measures
----------------

The primary outcome measure was the Yale-Brown Obsessive-Compulsive Scale (Y-BOCS) of the OCD subjects at midtreatment, posttreatment, and 3-month follow-up, as well as the decrease of Y-BOCS values at midtreatment, posttreatment, and 3-month follow-up, compared to pretreatment. Y-BOCS has sound psychometric properties and is considered to be the gold standard measure of obsessive-compulsive symptoms.[@b22-dddt-9-2101],[@b23-dddt-9-2101] We also used the Clinical Global Impression--Severity Scale (CGI-S) of the OCD subjects at posttreatment and its decrease compared to pretreatment as a supplementary primary outcome measure. CGI-S is a clinical rating of the severity of OCD symptoms, which is widely used and treatment sensitive.[@b24-dddt-9-2101] Since there were not enough studies, we did not perform meta-analysis on the CGI-S value and mean change at midtreatment and 3-month follow-up.

The secondary outcome measures were the proportion of the treatment responders and the proportion of OCD subjects attaining clinical remission criteria status (assessed by the original study criteria) at posttreatment. Since there were not enough studies, we did not perform meta-analysis on the proportion of treatment responders and proportion of the OCD subjects attaining clinical remission criteria status at midtreatment and 3-month follow-up.

Data extraction
---------------

Two authors (JX and YD) independently extracted data, and any disagreement between these two was resolved by discussion. From each study, the following information was extracted: the first author; year of publication; methodology details, including study design, sample size for both the DCS group and placebo group; diagnostic tools for determining OCD status, treatment responder status, and subjects attaining clinical remission criteria status whenever the information was available; sample characteristics, including sex ratio, mean age, ethnic background; primary outcome measures including Y-BOCS of subjects in DCS and placebo groups at pretreatment, midtreatment, posttreatment, and 3-month follow-up; and CGI-S value of subjects in both groups at posttreatment whenever the information was available. The secondary outcome measures included the numbers of treatment responders and of subjects attaining clinical remission status criteria in both groups whenever the information was available. Decrease of Y-BOCS value of subjects in both groups at pretreatment, midtreatment, posttreatment, and 3-month follow-up compared to pretreatment and decrease of CGI-S value of subjects in both groups at posttreatment compared to pretreatment were deduced.

Quality of the studies
----------------------

The quality of each included study was evaluated by two methods. Each study's adequacy in four key areas (methodological, genetic, clinical, and statistical) was evaluated first. Then, all the studies were screened with the Newcastle--Ottawa Scale.[@b25-dddt-9-2101]

Statistical analysis
--------------------

All statistical analysis was performed using the Cochrane Review Manager (RevMan, version 5.2; The Cochrane Collaboration, London, UK). Our primary outcome measures (Y-BOCS value, CGI-S value, and decreases in Y-BOCS and CGI-S) were analyzed using mean difference (MD), while our secondary outcome measures (proportion of treatment responders and proportion of subjects attaining clinical remission status criteria) were analyzed using pooled odds ratio (OR). Pooled OR with its corresponding 95% confidence interval (CI) and the MD with its corresponding 95% CI were first calculated with a random-effect model, because heterogeneity among the studies was assumed and a random-effect model assumes a genuine diversity in the results of the included studies and incorporates a between-studies variance into the calculation accordingly.[@b26-dddt-9-2101] The statistical significance of the pooled OR and MD was evaluated using the *Z* test. Between-studies heterogeneity was assessed using the chi-square (*χ*^2^) test based on the Cochran Q statistic.[@b27-dddt-9-2101]

Further *I*^2^ index was used to quantify heterogeneity; wherein, the *I*^2^ value around 25%, 50%, and 75% represented low, moderate, and large heterogeneity, respectively.[@b28-dddt-9-2101] When no heterogeneity was found using the random-effect model, data were further analyzed using a fixed-effect model. A *P*-value of \<0.05 was considered to be statistically significant except for the Q statistics, wherein, a *P*-value of \<0.10 was considered to be statistically significant.

Subpopulation analyses were also performed according to the timing of the DCS administration, whenever possible. Studies included in the meta-analyses were separated into the groups of DCS taken before each of the ERP sessions, DCS taken before some of the ERP sessions, and DCS taken after each of the ERP sessions.

Further, to examine the effect of excluding specific studies, a sensitivity analysis was also performed using a stepwise process in the meta-analyses; wherein, a single study included in the meta-analyses was excluded each time to reflect the influence of the data from said study on the MD and pooled OR. Finally, funnel plots were used to assess publication bias in the analysis.

Results
=======

Eligible studies and study characteristics
------------------------------------------

[Figure 1](#f1-dddt-9-2101){ref-type="fig"} describes the search process flow and results. From a total of 28 potentially eligible studies, 22 articles were excluded because they were: reviews;[@b29-dddt-9-2101]--[@b45-dddt-9-2101] not relevant to the study question;[@b46-dddt-9-2101]--[@b48-dddt-9-2101] analysis of a previous study included in the current meta-analyses;[@b49-dddt-9-2101] and letter to the editor.[@b50-dddt-9-2101] A total of six studies[@b8-dddt-9-2101],[@b16-dddt-9-2101]--[@b20-dddt-9-2101] was included in the current meta-analyses, and their data were extracted. Among them, four were included in the meta-analysis of DCS, Y-BOCS and the decrease of Y-BOCS at the midtreatment.[@b16-dddt-9-2101],[@b17-dddt-9-2101],[@b19-dddt-9-2101],[@b20-dddt-9-2101] Six were included in the meta-analysis of DCS, Y-BOCS, and the decrease of Y-BOCS at posttreatment,[@b8-dddt-9-2101],[@b16-dddt-9-2101]--[@b20-dddt-9-2101] and four were included in the meta-analysis of DCS, Y-BOCS, and the decrease of Y-BOCS at 3-month follow-up.[@b8-dddt-9-2101],[@b17-dddt-9-2101],[@b18-dddt-9-2101],[@b20-dddt-9-2101] Three were included in the meta-analysis of DCS, CGI-S, and the decrease of CGI-S at posttreatment,[@b8-dddt-9-2101],[@b18-dddt-9-2101],[@b19-dddt-9-2101] and three were included in the meta-analysis of DCS and proportion of treatment responders, and these same three studies were also included in the meta-analysis of DCS and proportion of subjects attaining clinical remission status criteria at posttreatment.[@b8-dddt-9-2101],[@b18-dddt-9-2101],[@b20-dddt-9-2101]

The characteristics of the six studies included in the current meta-analyses are described in [Tables 1](#t1-dddt-9-2101){ref-type="table"}--[7](#t7-dddt-9-2101){ref-type="table"}. Decreases of Y-BOCS value of subjects in both groups at pretreatment, midtreatment, posttreatment, and 3-month follow-up compared to pretreatment and decreases of CGI-S value of subjects in both groups at posttreatment compared to pretreatment, were deduced whenever possible. The pooled population included: 52 cases in the DCS group and 53 cases in the placebo group for the meta-analyses of DCS and Y-BOCS value and of DCS and decrease of Y-BOCS value at midtreatment ([Table 2](#t2-dddt-9-2101){ref-type="table"}); 51 DCS cases and 51 placebo cases for the meta-analyses of DCS and Y-BOCS value and of DCS and decrease of Y-BOCS value at posttreatment ([Table 3](#t3-dddt-9-2101){ref-type="table"}); 48 DCS cases and 44 placebo cases for the meta-analyses of DCS and Y-BOCS value and of DCS and decrease of Y-BOCS value at 3-month follow-up ([Table 4](#t4-dddt-9-2101){ref-type="table"}); 36 DCS cases and 35 placebo cases for the meta-analyses of DCS and CGI-S value and of DCS and decrease of CGI-S value at posttreatment ([Table 5](#t5-dddt-9-2101){ref-type="table"}); and 34 DCS cases and 34 placebo cases for the meta-analyses of DCS and proportion of treatment responder and of DCS and proportion of subjects attaining clinical remission status criteria at posttreatment ([Tables 6](#t6-dddt-9-2101){ref-type="table"} and [7](#t7-dddt-9-2101){ref-type="table"}, respectively).

Meta-analyses of DCS and Y-BOCS at midtreatment
-----------------------------------------------

Meta-analyses comparing the effects of DCS-augmented ERP therapy and placebo-augmented ERP therapy on the Y-BOCS value and decrease of Y-BOCS value of the OCD subjects at midtreatment using a random-effect model did not reveal significant difference between the two, although patients in both groups experienced a sharp decrease of Y-BOCS value at midtreatment; further, DCS-augmented ERP therapy did show a trend toward significantly lower Y-BOCS value and significantly greater Y-BOCS decrease at midtreatment compared to placebo-augmented ERP therapy; wherein, said trend was more pronounced in the subpopulation of DCS taken prior to each of the ERP sessions: (MD =−2.12; 95% CI =\[−4.99, 0.75\]; *P*=0.15; *I*^2^ =40) for whole population; (MD =−3.29; 95% CI =\[−8.97, 2.39\]; *P*=0.07; *I*^2^ =0.69) for the subpopulation of DCS taken before each of the ERP sessions for analysis of DCS and Y-BOCS value at midtreatment ([Figure 2](#f2-dddt-9-2101){ref-type="fig"}); and (MD =1.91; 95% CI =\[−1.39, 5.21\]; *P*=0.26; *I*^2^ =30) for whole population and (MD =3.21; 95% CI =\[−4.53, 10.95\]; *P*=0.42; *I*^2^ =72) for the subpopulation of DCS taken before each of the ERP sessions for the analysis of DCS and decrease of Y-BOCS at midtreatment ([Figure 3](#f3-dddt-9-2101){ref-type="fig"}). These results suggest that when measured at midtreatment, although not significant, DCS may enhance the efficacy of ERP therapy in reducing OCD symptomatic severity in OCD subjects, especially when the DCS was taken prior to each of the ERP sessions.

Sensitivity analysis, heterogeneity, and publication bias
---------------------------------------------------------

Both meta-analyses comparing the effects of DCS-augmented therapy and placebo-augmented therapy on the Y-BOCS value and decrease of Y-BOCS value of the OCD subjects at midtreatment were robust to sensitivity analysis, with overall *P*-value remaining insignificant when each of the included studies was individually removed from the analysis (data not shown).

Heterogeneity for both meta-analyses was low to moderate, with *I*^2^ values of 40 and 30 for the analysis of DCS and Y-BOC value and of DCS and decrease of Y-BOCS value, respectively ([Figures 3](#f3-dddt-9-2101){ref-type="fig"} and [4](#f4-dddt-9-2101){ref-type="fig"}). Further, funnel plots used to evaluate publication bias for the analyses were both symmetrical, indicating none or very little publication bias for the two meta-analysis (data not shown).

Meta-analyses of DCS and Y-BOCS at posttreatment
------------------------------------------------

Meta-analyses comparing the effects of DCS-augmented ERP therapy and placebo-augmented ERP therapy on the Y-BOCS value and decrease of Y-BOCS value of the OCD subjects at posttreatment using a fixed-effect model did not reveal significant difference between the two, although patients in both groups experienced a sharp decrease of Y-BOCS value at posttreatment; further, although less obvious than midtreatment, DCS-augmented therapy did show a trend toward significantly lower Y-BOCS value and significantly greater Y-BOCS decrease at posttreatment compared to placebo-enhanced therapy, wherein said trend was more pronounced in the subpopulation of DCS taken prior to some of the ERP sessions: (MD =−1.39; 95% CI =\[−3.56, 0.78\]; *P*=0.21; *I*^2^ =0) for whole population for analysis of DCS and Y-BOCS value at posttreatment and (MD =−2.78; 95% CI =\[−6.46, 0.90\]; *P*=0.14; *I*^2^ =11) for the subpopulation of DCS taken before some of ERP sessions ([Figure 3A](#f3-dddt-9-2101){ref-type="fig"}); and (MD =1.27; 95% CI =\[−1.33, 3.87\]; *P*=0.34; *I*^2^ =0) for whole population for analysis of DCS and decreases of Y-BOCS value at posttreatment and (MD =1.95; 95% CI =\[−2.57, 6.46\]; *P*=0.40; *I*^2^ =0) for the subpopulation of DCS taken before some of ERP sessions ([Figure 3B](#f3-dddt-9-2101){ref-type="fig"}). These results suggest that when measured at posttreatment, although not significant, DCS may enhance the efficacy of ERP therapy in reducing the OCD symptomatic severity in OCD subjects, especially when the DCS was taken prior to some of the ERP sessions; however, said enhancement was less pronounced than midtreatment.

Sensitivity analysis, heterogeneity, and publication bias
---------------------------------------------------------

Both meta-analyses comparing the effects of DCS-augmented therapy and placebo-augmented therapy on the Y-BOCS value and decrease of the Y-BOCS value of the OCD subjects at posttreatment were robust to sensitivity analysis, with overall *P*-value remaining insignificant when each of the included studies was individually removed from the analysis (data not shown).

Neither meta-analyses had heterogeneity ([Figure 3A and B](#f3-dddt-9-2101){ref-type="fig"}). Further funnel plots used to evaluate publication bias for the analyses were both symmetrical, indicating none or very little publication bias for the meta-analyses (data not shown).

Meta-analyses of DCS and Y-BOCS at 3-month follow-up
----------------------------------------------------

Meta-analyses comparing the effects of DCS-augmented ERP therapy and placebo-augmented ERP therapy on the Y-BOCS value and decrease of Y-BOCS value of the OCD subjects at 3-month follow-up using a fixed-effect model did not reveal significant difference between the two, although patients in both the DCS group and the placebo group experienced a sharp decrease of Y-BOCS value at posttreatment: (MD =0.64; 95% CI =\[−2.39, 3.67\]; *P*=0.68; *I*^2^ =0) for analysis of DCS and Y-BOCS value at 3-month follow-up ([Figure 4A](#f4-dddt-9-2101){ref-type="fig"}); and (MD =−0.57; 95% CI =\[−4.15, 3.01\]; *P*=0.31; *I*^2^ =0) for analysis of DCS and decreases of Y-BOCS value at 3-month follow-up ([Figure 4B](#f4-dddt-9-2101){ref-type="fig"}). This result suggested that measured at the 3-month follow-up, the DCS-augmented therapy did not show advantage in reducing the OCD symptomatic severity in OCD patients compared to placebo-augmented therapy.

Sensitivity analysis, heterogeneity, and publication bias
---------------------------------------------------------

Both meta-analyses comparing the effects of DCS-augmented therapy and placebo-augmented therapy on the Y-BOCS value and decrease of Y-BOCS value of the OCD subjects at the 3-month follow-up were robust to sensitivity analysis, with the overall *P*-value remaining insignificant when each of the included studies was removed individually from the analysis (data not shown).

Neither meta-analyses had heterogeneity ([Figure 4A and B](#f4-dddt-9-2101){ref-type="fig"}). Further funnel plots used to evaluate publication bias for both analyses were both symmetrical, indicating none or very little publication bias for the meta-analyses (data not shown).

Meta-analyses of DCS and CGI-S at posttreatment
-----------------------------------------------

Meta-analyses comparing the effects of DCS-augmented therapy and placebo-augmented therapy on the CGI-S value and decrease of CGI-S value of the OCD subjects at posttreatment using a random-effect model and a fixed-effect model, respectively, did not reveal significant difference between the two, although patients in both the DCS group and the placebo group experienced a sharp decrease of CGI-S value at posttreatment: (MD =−0.25; 95% CI =\[−1.17, 0.68\]; *P*=0.60; *I*^2^ =58) for analysis of DCS and CGI-S value at posttreatment ([Figure 5A](#f5-dddt-9-2101){ref-type="fig"}); and (MD =0.18; 95% CI =\[−0.51, 0.88\]; *P*=0.60; *I*^2^ =0) for the analysis of the DCS and the decreases of the CGI-S value at posttreatment ([Figure 4B](#f4-dddt-9-2101){ref-type="fig"}). This result suggested that at the 3-month follow-up, DCS-augmented therapy did not show the advantage in reducing OCD symptomatic severity in OCD patients compared to placebo-augmented therapy.

Sensitivity analysis, heterogeneity, and publication bias
---------------------------------------------------------

Both the meta-analyses comparing the effects of DCS-augmented therapy and the placebo-augmented therapy on the CGI-S value and the decrease of the CGI-S value of the OCD subjects at posttreatment were robust to sensitivity analysis, with overall *P*-value remaining insignificant when each of the included studies was individually removed from the analysis (data not shown).

The meta-analysis comparing the effects of DCS-augmented therapy and placebo-augmented therapy on the CGI-S value had moderate heterogeneity with an *I*^2^ =58 ([Figure 5A](#f5-dddt-9-2101){ref-type="fig"}), while the meta-analysis comparing the effects of DCS-augmented therapy and placebo-augmented therapy on decrease of the CGI-S value did not have heterogeneity ([Figure 5B](#f5-dddt-9-2101){ref-type="fig"}). Further funnel plots used to evaluate publication bias for both analyses were both symmetrical, indicating none or very little publication bias for the meta-analyses (data not shown).

Meta-analyses of DCS and proportion of treatment responders and of DCS and proportions of subjects attaining clinical remission status criteria at posttreatment
----------------------------------------------------------------------------------------------------------------------------------------------------------------

Meta-analysis comparing efficacies of DCS-augmented ERP therapy and placebo-augmented ERP therapy in increased proportions of treatment responders and subjects attaining clinical remission status criteria at posttreatment using a fixed-effect model did not reveal a significant difference between the two groups, although a majority of patients in both groups were treatment responders and approximately one-half or more of the patients in both groups achieved clinical remission at posttreatment: (OR =0.95; 95% CI =\[0.29, 3.13\]; *P*=0.94; *I*^2^ =0 \[[Figure 6](#f6-dddt-9-2101){ref-type="fig"}\]) and (OR =0.99; 95% CI =\[0.39, 2.56\]; *P*=0.99; *I*^2^ =0 \[[Figure 7](#f7-dddt-9-2101){ref-type="fig"}\]), respectively. This result indicated that when measured at posttreatment, DCS-augmented ERP therapy did not show an advantage in increasing treatment responders nor in helping OCD patients achieve clinical milestones, such as clinical remission, when compared to placebo-augmented ERP therapy.

Sensitivity analysis, heterogeneity, and publication bias
---------------------------------------------------------

Both meta-analyses comparing the efficacy of DCS-augmented therapy and placebo-augmented therapy in increasing the number of treatment responders and in increasing the number of subjects achieving clinical remission at posttreatment were robust to sensitivity analysis, with the overall *P*-value remaining insignificant when each of the included studies was individually removed from the analysis (data not shown).

No heterogeneity was found in either of the meta-analyses ([Figures 6](#f6-dddt-9-2101){ref-type="fig"} and [7](#f7-dddt-9-2101){ref-type="fig"}). Further funnel plots used to evaluate publication bias for both analyses were both symmetrical, indicating none or very little publication bias for both meta-analyses (data not shown).

Discussion
==========

Our meta-analysis did not reveal significant difference between DCS-augmented ERP therapy and placebo-augmented ERP therapy in Y-BOCS value and its decrease at midtreatment, posttreatment, and 3-month follow-up for OCD patients. Further, according to our analysis, compared to placebo control, DCS did not lead to significantly different CGI-S values nor significantly greater decrease in CGI-S values at posttreatment for OCD patients. In addition, no significant difference in proportion of treatment responders and proportions of OCD subjects achieving clinical remission status were associated with DCS versus placebo. However, patients in both DCS and placebo groups showed substantial improvement in their symptomatic severity, such substantial improvement was reflected by the sharp decrease of their Y-BOCS values at midtreatment, post and 3-month follow-up, also by the sharp decrease of their CGI-S values at posttreatment, and finally by the high proportions of treatment responders and of subjects achieving clinical remission status at posttreatment. Further, although not significant, when measured at midtreatment, the DCS-augmented therapy did show a trend toward a lowered/decreased Y-BOCS value compared to placebo-augmented therapy, and this trend was more pronounced in the subpopulation of DCS taken before each of the sessions. Also, when measured at posttreatment, although not significant, in the subpopulation of DCS taken before some of the sessions, the DCS-augmented therapy did show a trend toward a significantly lowered/decreased Y-BOCS value compared to placebo-augmented therapy. These results suggested that with careful optimization of DCS-augmented ERP therapy by fine-tuning timing and dosing of DCS administration and number and frequency of ERP sessions, DCS may enhance the efficacy of ERP therapy in reducing the symptomatic severity of OCD patients especially at early stage of the treatment that could possibly last until posttreatment.

The fact that our meta-analysis did not reveal overall significant difference in the efficacies of DCS-augmented therapy in improving OCD symptomatic severity appears somewhat inconsistent with the result of the meta-analysis performed by Bontempo et al[@b21-dddt-9-2101] which showed a significant benefit from the DCS augmentation for the behavioral therapy for anxiety disorders. Their meta-analysis included data from nine studies, four of which were also included in our meta-analysis.[@b8-dddt-9-2101],[@b16-dddt-9-2101],[@b17-dddt-9-2101],[@b19-dddt-9-2101] However, their meta-analysis includes studies on all types of anxiety, such as social phobia, panic disorder, and agoraphobia. Their [Figure 2](#f2-dddt-9-2101){ref-type="fig"} showed that three of the four studies--also included in our analyses[@b8-dddt-9-2101],[@b17-dddt-9-2101],[@b19-dddt-9-2101] -- did not show significant benefit of the DCS augmentation; therefore, our result did not contradict their meta-analysis result. One possible reason that DCS augmentation works less effectively in OCD subjects than in subjects with other types of anxiety is that the heterogeneity of DCS differs from that of social phobia, agoraphobia, and panic disorder, the clinical manifestations in OCD subjects often vary substantially, and most OCD patients had more than one obsession and compulsion; their treatments need to target multiple conditioned stimuli, while patients with social phobia, agoraphobia, and panic disorder often are exposed to one conditioned stimulus, and their treatments only need to target one conditioned stimulus. DCS may be more effective in helping specific symptom subtypes, rather than a whole range of subtypes.

Our results showed that when measured at midtreatment, although not significant, DCS-augmented therapy did show a trend toward a lowered/decreased Y-BOCS value compared to the placebo-augmented therapy, and this trend was more pronounced in the subpopulation of DCS taken before each of the sessions. Also, when measured at posttreatment, although not significant, in the subpopulation of DCS taken before some of the sessions, DCS-augmented therapy did show a trend toward a lowered/decreased Y-BOCS value compared to placebo-augmented therapy. This result was consistent with Chasson et al[@b49-dddt-9-2101] who reanalyzed data from Wilhelm et al[@b16-dddt-9-2101] and concluded that the course of ERP augmented with DCS was significantly faster over the ten-session course compared to placebo-augmented ERP, especially in the first one-half of the ERP. They further suggested that the DCS did not amplify the effect of ERP; rather, it made the treatment effect of ERP start sooner. Although DCS may not lose its effect over the repeated use in each ERP session, it could exhaust its maximum utility after it accelerated the effects of ERP. Therefore, they concluded that the DCS could reduce the number of ERP sessions needed and, thus, reduce treatment cost, treatment drop, refusal rate, and also help to improve access to the limited number of experienced therapists.

The overall lack of significant difference from the results of our meta-analyses could be caused by multiple factors, some of which could potentially provide some clues on how to optimize DCS augmentation.

First, since patients in both the DCS group and the placebo group showed a sharp decrease in their Y-BOCS value and their CGI-S value consistently throughout the treatment, and a high proportion of patients in both groups responded to treatment and achieved clinical remission status at posttreatment, the ceiling effect may mask the DCS's advantage over the placebo, since it is possible that the effects of DCS may only be obvious when compared to an ineffective treatment, as suggested by Guastella et al.[@b51-dddt-9-2101]

Second, methodological differences among the included studies may also obscure the effect of DCS. DCS was taken before each of the ERP sessions in three included studies,[@b8-dddt-9-2101],[@b16-dddt-9-2101],[@b17-dddt-9-2101] each with different intervals between when the DCS was taken and when the ERP sessions began. It was taken before some of the ERP sessions in two included studies[@b18-dddt-9-2101],[@b19-dddt-9-2101] and was taken after each of the sessions in one included study.[@b20-dddt-9-2101] The dosage of DCS ranged from 25--250 mg for different studies; the frequency of the ERP sessions also differed for each included study. Also, importantly, for measurement taken at midtreatment, different studies took measurement at different time points of their studies, ranging from after the fourth ERP session to after the sixth ERP session. All of these methodological differences could contribute to inconsistency of the results from the various studies included and lead to the insignificance of the results. For example, Kushner et al[@b17-dddt-9-2101] found decreasing DCS effects after the fourth session related to a potential paradoxical antagonist NMDA effect observed when high and/or chronic DCS doses were used. If this is true, then taking midtreatment measurements after the fifth or sixth session may mask the significance of the DCS effect.

Dosing of DCS may also play a role in masking the true effect of the DCS augmentation, since it was found that DCS may have a narrow therapeutic range when used to enhance learning and that the NMDA receptor could be desensitized after prolonged exposure to DCS.[@b16-dddt-9-2101] Therefore, when a high dose of DCS was used as in Storch et al[@b8-dddt-9-2101] such a high dose of DCS might attenuate its own beneficial effect on ERP therapy. This, coupled with the finding mentioned previously by Kushner et al[@b17-dddt-9-2101] regarding the potential paradoxical antagonist NMDA effect, suggested the use of a treatment protocol that uses the lowest possible effective dose of DCS and spaces ERP sessions apart further than semiweekly.[@b17-dddt-9-2101]

The timing of the DCS administration is also important. It has been reported that DCS might lose its efficacy if given too early before extinction training; however, one of the included studies[@b8-dddt-9-2101] in this meta-analysis administered DCS 4 hours before the ERP session, and another one[@b20-dddt-9-2101] administered it right after each session. Neither of these two studies found a significant benefit of the DCS augmentation. According to the result of Kushner et al, Wilhelm et al, and Farrell et al[@b16-dddt-9-2101]--[@b18-dddt-9-2101] DCS was the most effective when administered immediately before (such as 1--2 hours before) the ERP sessions.

Further, several studies have indicated that the augmentation effect of DCS was time-limited; it was most powerful early in the treatment, and over time, the placebo group might catch up.[@b16-dddt-9-2101] This could explain the nonsignificant difference between the DCS group and the placebo group when measured at posttreatment and 3-month follow-up, and just as suggested by Chasson et al[@b49-dddt-9-2101] the main benefit of DCS could be the reduction of the number of ERP sessions needed, reduction of treatment cost, treatment drop and refusal rate, and the improvement of access to the limited number of experienced therapists.

There are some limitations in our study. First, the number of available studies was relatively low, and all of them contained a small sample size. This would inevitably lead to a reduced power of detection; more studies with larger sample sizes are needed to further evaluate the benefit of DCS augmentation in the ERP therapy of OCD patients. Second, various included studies used different methodological approach in terms of dosing, timing, and frequency of the DCS administration, number, and frequency of ERP sessions; such a difference would lead to inconsistent results and mask the true effect of DCS augmentation.

On the other hand, our study has its strength. We analyzed the effect of DCS augmentation using multiple outcome measures (Y-BOCS, CGI-S, proportion of treatment responders, and proportion of patients achieving clinical remission) taken at different time points of the treatment (midtreatment, posttreatment, and 3-month follow-up) so as to get a comprehensive understanding of the effect of the DCS augmentation.

Conclusion
==========

In conclusion, our meta-analysis did not show significant effects of the DCS augmentation in the ERP therapy for the OCD patients--except when measured at midtreatment and compared to the placebo group--DCS augmentation did show a tread toward lower/decreased Y-BOCS, which was more pronounced in the subpopulation of DCS taken before each of the sessions. Also, when measured at posttreatment and in the subpopulation of DCS taken before some of the ERP sessions, DCS augmentation showed a trend toward lower/decreased Y-BOCS. Our results suggested that--with careful optimization of DCS-augmented ERP therapy by fine-tuning the timing and dosing of DCS administration and the number and frequency of ERP sessions--DCS may enhance the efficacy of ERP therapy in reducing the symptomatic severity of OCD patients especially at early stage of the treatment; therefore, DCS augmentation could possibly reduce treatment cost, treatment drop, refusal rate, and also help to improve access to the limited number of experienced therapists.
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**Abbreviations:** DCS, D-cycloserine; Y-BOCS, Yale-Brown Obsessive Compulsive Scale; CGI-S, Clinical Global Improvement--Severity Scale.](dddt-9-2101Fig1){#f1-dddt-9-2101}

![Forest plots of the effect of DCS versus placebo on Y-BOCS value or on deceasing Y-BOCS values of the patients receiving behavioral therapy at midtreatment.\
**Notes:** (**A**) Forest plot of comparison of the effect of the DCS and placebo on the Y-BOCS value of the patients receiving behavioral therapy at midtreatment; overall effect for continuous outcome (random-effect model). The diamond stood for pooled effect. No significant difference between the effect of DCS and placebo on Y-BOCS value of the patients receiving behavioral therapy at midtreatment, although DCS-augmented behavioral therapy showed a trend toward significantly lower Y-BOCS value compared to placebo-augmented behavioral therapy. (**B**) Forest plot of comparison of the effect of DCS and placebo on decreasing Y-BOCS of the patients receiving behavioral therapy at midtreatment; overall effect for continuous outcome (random-effect model). The diamond stood for pooled effect. No significant difference between the effect of DCS and placebo on decreasing Y-BOCS of the patients receiving behavioral therapy at midtreatment, although DCS-augmented behavioral therapy showed a trend toward significantly greater Y-BOCS decrease compared to placebo-augmented behavioral therapy.\
**Abbreviations:** DCS, D-cycloserine; Y-BOCS, Yale-Brown Obsessive Compulsive Scale; CI, confidence interval; SD, standard deviation; IV, inverse variance; *df*, degrees of freedom.](dddt-9-2101Fig2){#f2-dddt-9-2101}

![Forest plots of the effect of DCS versus placebo on Y-BOCS value or on deceasing Y-BOCS values of the patients receiving behavioral therapy at posttreatment.\
**Notes:** (**A**) Forest plot of comparison of the effect of DCS and placebo on Y-BOCS value of the patients receiving behavioral therapy at posttreatment; overall effect for continuous outcome (fixed-effect model). The diamond stood for pooled effect. No significant difference between the effect of DCS and placebo on Y-BOCS value of the patients receiving behavioral therapy at posttreatment. (**B**) Forest plot of comparison of the effect of DCS and placebo on decreasing Y-BOCS of the patients receiving behavioral therapy at posttreatment; overall effect for continuous outcome (fixed-effect model). The diamond stood for pooled effect. No significant difference between the effect of DCS and placebo on decreasing Y-BOCS of the patients receiving behavioral therapy at posttreatment.\
**Abbreviations:** DCS, D-cycloserine; Y-BOCS, Yale-Brown Obsessive Compulsive Scale; CI, confidence interval; SD, standard deviation; IV, inverse variance; *df*, degrees of freedom.](dddt-9-2101Fig3){#f3-dddt-9-2101}

![Forest plots of the effect of DCS versus placebo on Y-BOCS value or on deceasing Y-BOCS values of the patients receiving behavioral therapy at 3-month follow-up.\
**Notes:** (**A**) Forest plot of comparison of the effect of DCS and placebo on Y-BOCS value of the patients receiving behavioral therapy at 3-month follow-up; overall effect for continuous outcome (fixed-effect model). The diamond stood for pooled effect. No significant difference between the effect of DCS and placebo on Y-BOCS value of the patients receiving behavioral therapy at 3-month follow-up. (**B**) Forest plot of comparison of the effect of DCS and placebo on decreasing Y-BOCS of the patients receiving behavioral therapy at 3-month follow-up; overall effect for continuous outcome (fixed-effect model). The diamond stood for pooled effect. No significant difference between the effect of DCS and placebo on decreasing Y-BOCS of the patients receiving behavioral therapy at 3-month follow-up.\
**Abbreviations:** DCS, D-cycloserine; Y-BOCS, Yale-Brown Obsessive Compulsive Scale; CI, confidence interval; SD, standard deviation; IV, inverse variance; *df*, degrees of freedom.](dddt-9-2101Fig4){#f4-dddt-9-2101}

![Forest plots of the effect of DCS versus placebo on CGI-S value or on deceasing CGI-S values of the patients receiving behavioral therapy at posttreatment.\
**Notes:** (**A**) Forest plot of comparison of the effect of DCS and placebo on CGI-S value of the patients receiving behavioral therapy at posttreatment; overall effect for continuous outcome (random-effect model). The diamond stood for pooled effect. No significant difference between the effect of DCS and placebo on CGI-S value of the patients receiving behavioral therapy at posttreatment. (**B**) Forest plot of comparison of the effect of DCS and placebo on decreasing CGI-S of the patients receiving behavioral therapy at posttreatment; overall effect for continuous outcome (fixed-effect model). The diamond stood for pooled effect. No significant difference between the effect of DCS and placebo on decreasing CGI-S of the patients receiving behavioral therapy at posttreatment.\
**Abbreviations:** DCS, D-cycloserine; Y-BOCS, Yale-Brown Obsessive Compulsive Scale; CI, confidence interval; SD, standard deviation; CGI-S, Clinical Global Impression--Severity Scale; IV, inverse variance; *df*, degrees of freedom.](dddt-9-2101Fig5){#f5-dddt-9-2101}

![Forest plot of the effect of DCS versus placebo on proportion of responders to behavioral therapy at posttreatment.\
**Notes:** Forest plot of comparison of the effect of DCS and placebo on proportions of responders to behavioral therapy at posttreatment. Overall effect for dichotomous outcome (fixed-effect model). The diamond stood for pooled effect. No significant difference between the effect of DCS and placebo on proportions of responders to behavioral therapy.\
**Abbreviations:** DCS, D-cycloserine; CI, confidence interval; M--H, Mantel--Haenszel; ERP, exposure and prevention; *df*, degrees of freedom.](dddt-9-2101Fig6){#f6-dddt-9-2101}

![Forest plot of the effect of DCS versus placebo on proportion of behavioral therapy patients meeting remission status criteria at posttreatment.\
**Notes:** Forest plot of comparison of the effect of DCS and placebo on proportions of patients of behavioral therapy meeting remission status criteria at posttreatment. Overall effect for dichotomous outcome (fixed-effect model). The diamond stood for pooled effect. No significant difference between the effect of DCS and on proportions of patients of behavioral therapy meeting remission status criteria at posttreatment.\
**Abbreviations:** DCS, D-cycloserine; CI, confidence interval; M--H, Mantel--Haenszel; *df*, degrees of freedom.](dddt-9-2101Fig7){#f7-dddt-9-2101}

###### 

Characteristics of studies included in the meta-analyses

  First author                         Population ethnicity               Total sample(N)   Subjects receiving DCS/subjects receiving placebo   Male/female   Age (mean ± SD)                                         Subjects                                                                                                                                                                                                                                                        Diagnostic tools
  ------------------------------------ ---------------------------------- ----------------- --------------------------------------------------- ------------- ------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Kushner 2007[@b17-dddt-9-2101]       --                                 25                14/11                                               --            --                                                      Each subject with OCD received ten doses of 125 mg DCS or placebo doses and took one dose of study medication \~2 hours before each exposure/ritual prevention. ERP therapy session conducted twice weekly                                                      OCD diagnosed by Structured Clinical Interview for DSM-IV[@b52-dddt-9-2101] and a Y-BOCS score ≥18[@b53-dddt-9-2101]
  Storch 2007[@b8-dddt-9-2101]         22 Caucasian; 1 African; 1 Asian   24                12/12                                               12/12         29.0±9.9                                                Each subject with OCD took DCS or placebo (250 mg) 4 hours before each ERP therapy session. Total 12 weekly sessions                                                                                                                                            Diagnosis of OCD according to DSM-IV-TR criteria and then verified through administration of the ADIS for DSM-IV[@b54-dddt-9-2101] and Y-BOCS
  Wilhelm 2008[@b16-dddt-9-2101]       --                                 23                10/13                                               --            40.0±13.4 for DCS group; 38.2±13.0 for placebo group    Subjects with OCD. Each took 100 mg DCS or placebo 1 hour before each of the ten exposure-based behavioral therapy sessions (conducted twice per week)                                                                                                          DSM-IV diagnosis of OCD
  Storch 2010[@b19-dddt-9-2101]        97% Caucasian; 3% Hispanic         30                15/15                                               19/11         12.2±2.8                                                Subject (child) with OCD. Each took DCS or placebo 1 hour before each CBT session 4--10 (25 mg for children weighing between 25--45 kg and 50 mg for children weighing between 46--90 kg). (Sessions 1--4 held twice per week and sessions 5--10 held weekly)   Diagnosis of OCD according to ADIS for DSM-IV: parent Version (ADIS-IV-P)[@b55-dddt-9-2101] and CY-BOCS ≥16[@b56-dddt-9-2101]
  Farrell 2013[@b18-dddt-9-2101]       16 Caucasian, 1 Asian              17                9/8                                                 7/10          13.11±3.33                                              Each child and adolescent with difficult-to-treat OCD took DCS or placebo (25 mg for subjects \<45 kg; and 50 mg for subjects \>46 kg) 1 hour prior to each of ERP sessions 5--9. (Total nine sessions held weekly)                                             Each subject with primary diagnosis of OCD, difficult-to-treat OCD defined by an initial dose of CBT (six + sessions), including adequate ERP, with minimal or no initial response to treatment, reported by parents
  Mataix-Cols 2014[@b20-dddt-9-2101]   --                                 27                13/14                                               14/13         14.7±2.1 for DCS group and 15.2±2.0 for placebo group   Each subject with OCD received 50 mg DCS or placebo immediately after each of the ten CBT sessions (total of 14 sessions over 17 weeks)                                                                                                                         Each with principal diagnosis of OCD

**Abbreviations:** DCS, D-cycloserine; OCD, obsessive compulsive disorder; ERP, exposure and response prevention; DSM-IV, *Diagnostic and Statistical Manual of Mental Disorders*, fourth edition; DSM-IV-TR, DSM-IV, text revision; Y-BOCS, Yale-Brown Obsessive Compulsive Scale; ADIS-IV-P, ADIS for DSM-IV, parent version; CBT, cognitive behavioral therapy; ADIS, Anxiety Disorder Interview Schedule; CY-BOCS, Children's Yale-Brown Obsessive Compulsive Scale; SD, standard deviation.

###### 

Studies included in the meta-analysis of effect of DCS on the Y-BOCS at midtreatment

  First author                         DCS group   Placebo group   Notes                                                 
  ------------------------------------ ----------- --------------- ---------- ---- ---------- ---------- ---------- ---- -----------------------------------------------------------
  Kushner 2007[@b17-dddt-9-2101]       27.1±3.8    15.1±4.8        12.0±6.1   14   28.2±5.1   15.5±6.2   12.7±8.0   11   Y-BOCS was given at baseline and after fourth session
  Wilhelm 2008[@b16-dddt-9-2101]       26.5±5.0    12.8±6.3        13.7±8.0   10   25.5±4.2   19.0±4.1   6.5±5.9    13   Y-BOCS was given at pretreatment and after fifth session
  Storch 2010[@b19-dddt-9-2101]        24.1±4.4    15.6±6.8        8.5±8.1    15   26.0±3.8   17.9±4.5   8.1±5.9    15   CY-BOCS was given at pretreatment and after sixth session
  Mataix-Cols 2014[@b20-dddt-9-2101]   26.9±3.7    18.1±7.6        8.8±8.5    13   25.0±3.4   17.5±4.6   7.5±5.7    14   --

**Note:** Data are presented as mean ± standard deviation unless noted otherwise.

**Abbreviations:** DCS, D-cycloserine; Y-BOCS, Yale-Brown Obsessive Compulsive Scale; CY-BOCS, Children's Yale-Brown Obsessive Compulsive Scale.

###### 

Studies included in the meta-analysis of effect of DCS on the Y-BOCS at posttreatment

  First author                         DCS group   Placebo group   Notes                                                        
  ------------------------------------ ----------- --------------- ------------ ---- ----------- ------------ ------------ ---- -------------------------------------------------------------------
  Kushner 2007[@b17-dddt-9-2101]       27.1±3.8    10.9±4.7        16.2±6.0     14   28.2±5.1    11.2±6.8     17.0±8.5     11   Y-BOCS was given at baseline and at last session (tenth session)
  Storch 2007[@b8-dddt-9-2101]         30.1±3.8    10.1±6.8        20±7.8       12   30.6±4.9    8.6±8.8      22±10.1      12   Y-BOCS was given before treatment and 1 week posttreatment
  Wilhelm 2008[@b16-dddt-9-2101]       26.5±5.0    10.2±7.2        16.3±8.8     10   25.5±4.2    14.5±6.4     11.0±7.7     13   Y-BOCS was given at pretreatment and after tenth session
  Storch 2010[@b19-dddt-9-2101]        24.1±4.4    6.8±6.0         17.3±7.4     15   26.0±3.8    11.0±6.6     15.0±7.6     15   CY-BOCS was given at pretreatment and within 1 week posttreatment
  Farrell 2013[@b18-dddt-9-2101]       30±5.47     13.78±5.3       16.22±7.62   9    28.88±5.8   13.75±7.70   15.13±9.64   8    CY-BOCS was given at pretreatment and posttreatment
  Mataix-Cols 2014[@b20-dddt-9-2101]   26.9±3.7    10.6±7.4        16.3±8.3     13   25.0±3.4    10.1±6.1     14.9±6.9     14   CY-BOCS was given at pretreatment and end of treatment

**Note:** Data are presented as mean ± standard deviation unless noted otherwise.

**Abbreviations:** DCS, D-cycloserine; Y-BOCS, Yale-Brown Obsessive Compulsive Scale; CY-BOCS, Children's Yale-Brown Obsessive Compulsive Scale.

###### 

Studies included in the meta-analysis of effect of DCS on the Y-BOCS at 3-month follow-up

  First author                         DCS group   Placebo group   Notes                                                        
  ------------------------------------ ----------- --------------- ------------ ---- ----------- ------------ ------------ ---- -------------------------------------------------------------
  Kushner 2007[@b17-dddt-9-2101]       27.1±3.8    12.3±7.2        14.8±8.1     14   28.2±5.1    11.3±6.7     16.9±8.4     11   Y-BOCS was given at baseline and at 3-month follow-up
  Storch 2007[@b8-dddt-9-2101]         30.1±3.8    10.3±6.6        19.8±7.6     12   30.6±4.9    7.9±6.8      22.7±8.4     11   Y-BOCS was given before treatment and 3-month follow-up
  Farrell 2013[@b18-dddt-9-2101]       30±5.47     10.14±7.69      19.86±9.44   9    28.88±5.8   13.00±6.76   15.88±8.91   8    CY-BOCS was given at pretreatment, 1-and 3-month follow-ups
  Mataix-Cols 2014[@b20-dddt-9-2101]   26.9±3.7    9.3±11.2        17.6±11.8    13   25.0±3.4    8.5±6.2      16.5±7.1     14   CY-BOCS was given at pretreatment and 3-month follow-up

**Note:** Data are presented as mean ± standard deviation unless noted otherwise.

**Abbreviations:** DCS, D-cycloserine; Y-BOCS, Yale-Brown Obsessive Compulsive Scale; CY-BOCS, Children's Yale-Brown Obsessive Compulsive Scale.

###### 

Studies included in the meta-analysis of effect of DCS on the CGI-S at posttreatment

  First author                     DCS group   Placebo group   Notes                                                    
  -------------------------------- ----------- --------------- ----------- ---- ---------- ----------- ----------- ---- ---------------------------------------------------------------------
  Storch 2007[@b8-dddt-9-2101]     4.3±0.8     1.8±1.1         2.5±1.4     12   4.3±1.1    1.6±1.4     2.7±1.8     12   CGI-S was assessed before treatment and 1 week posttreatment
  Storch 2010[@b19-dddt-9-2101]    4.6±0.83    2.0±1.0         2.6±1.3     15   5.1±0.74   3.0±1.2     2.1±1.4     15   CGI-S was assessed before treatment and within 1 week posttreatment
  Farrell 2013[@b18-dddt-9-2101]   5.67±0.70   3.00±1.65       2.67±1.79   9    5.38±0.7   2.63±1.30   2.75±1.48   8    CGI-S was assessed before treatment and posttreatment

**Note:** Data are presented as mean ± standard deviation unless noted otherwise.

**Abbreviations:** DCS, D-cycloserine; CGI-S, Clinical Global Impression--Severity Scale.

###### 

Studies included in the meta-analysis of the effect of DCS on proportion of responders at posttreatment

  First author                         DCS group   Placebo group   Notes                 
  ------------------------------------ ----------- --------------- ------- ---- --- ---- ---------------------------------------------------------------------------------------------------------------------------------------
  Storch 2007[@b8-dddt-9-2101]         10          1               12      11   1   12   Responders defined as obtaining a CGI scale[@b57-dddt-9-2101] score of "very much improved" or"much improved" at 1-week posttreatment
  Farrell 2013[@b18-dddt-9-2101]       9           0               9       7    1   8    Responder defined by \>25% reduction on CY-BOCS at posttreatment
  Mataix-Cols 2014[@b20-dddt-9-2101]   8           5               13      9    5   14   Responder defined as ≥35% reduction on the CY-BOCS at end of treatment

**Abbreviations:** DCS, D-cycloserine; CGI, Clinical Global Impression--Severity Scale; CY-BOCS, Children's Yale-Brown Obsessive Compulsive Scale.

###### 

Studies included in meta-analysis of the effect of DCS on the proportion of patients meeting remission status criteria at posttreatment

  First author                         DCS group   Placebo group   Notes                
  ------------------------------------ ----------- --------------- ------- --- --- ---- ------------------------------------------------------------------------------------------------------------------------------
  Storch 2007[@b8-dddt-9-2101]         5           7               12      7   5   12   Remission defined as having a severity rating on the ADIS-IV ≤3 and CY-BOCS total score ≤10 assessed at 1-week posttreatment
  Farrell 2013[@b18-dddt-9-2101]       5           4               9       4   4   8    Remission defined by \>50% reduction on the CY-BOCS combined with a CY-BOCS score of \<14) at posttreatment
  Mataix-Cols 2014[@b20-dddt-9-2101]   7           6               13      6   8   14   Remission defined as CY-BOCS scores ≤10 at posttreatment

**Abbreviations:** ADIS-IV, ADIS for *Diagnostic and Statistical Manual of Mental Disorders*, fourth edition; DCS, D-cycloserine; CY-BOCS, Children's Yale-Brown Obsessive Compulsive Scale.
